Structural and electronic properties of LaOo.ssFo.isFeAs superconductor modified 

under neutron irradiation 
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The effect of atomic disorder induced by neutron irradiation on the crystal structure and electronic 
states near Ef of the lightly overdoped LaOo.ssFo.isFeAs (T c = 21K) was studied by X-ray diffrac- 
tion and 75 As NMR. The irradiation of the polycrystalline sample by "moderate" neutron fluence of 
$ = (0; 0.5; 1.6) ■ 10 19 cm -2 at T = 50° C leads to the suppression of superconductivity. It is shown 
that neutron irradiation produces an anisotropic expansion of the tetragonal lattice almost due to an 
increase of the Fe-As distance. A partial loss of the 2D character of the FeAs layer is accompanied 
with a suppression of the gap-like feature in temperature dependence of the spin susceptibility. In 
the most disordered state the 75 As spin-lattice relaxation rate follows the Korringa law 75 T 1 _1 ~ T, 
the thermal behavior being typical for an isotropic motion of the conducting electrons. 



PACS numbers: 74.70.-b, 76.60.-k 



Recent discovery of high-T c superconductivity in 
the electron-doped oxypnictides LaOi-^F^FeAs gave 
new impulse in an activity of the superconductivity 
researchers^. Similar to superconducting cuprates, the 
new superconducting materials have layered structure 
providing an anisotropy of electronic properties, undoped 
LaOFeAs compound is antiferromagnetic, and supercon- 
ductivity occurs upon adding either electrons or holes in 
the FeAs layer. Nevertheless a pseudo gap near the Fermi 
energy evidenced in the photoemission spectra^ and 
19 F , 75 As, 57 Fe NMR studies^ of the electron doped 
LaOi-^F^FeAs superconductors, but not was observed 
for the hole-doped Fe-based Bai_ x K a: Fe2S2 superconduc- 
tor. More over the pseudogap behavior of spin suscepti- 
bility becomes more pronounced with the electron doping 
approaching to the optimal (x ~ 0.1) for superconduc- 
tivity in LaOi-zF^FeAs^, whereas it does in the hole- 
underdoped region of the cuprate superconductors. It 
was shown that in the optimally and overdoped compo- 
sitions of LaOi-^F^FeAs (x > 10) both the Knight shift 
and spin-lattice relaxation T^ 1 of 75 As and 57 Fe respec- 
tively probing the Fermi-liquid (q w 0) and staggered 
(q(7r, 7r)) components of spin susceptibility x(q) give 9 - no 
evidence of any q-space structure in spin susceptibility 
x(q}£, that might be expected in the presence of antifer- 
romagnetic spin correlations, of any determined almost 
by the uniform (q = 0) component of spin susceptibility 8 . 
It is suggested that pseudogap behavior of spin suscepti- 
bility is more relevant to rather complex topology of the 
Fermi surface including both electron and hole pockets 
which filling can be varied differently whether electron 
or holes are doped into the FeAs layer. The 75 As NMR 
study of the overdoped LaOi^^F^FeAs (x = 0.14) showi£ 
clearly an increase of the density of states at the Fermi 
energy with applying an external pressure additional to 
the internal "chemical" one. 

In this report the structural X-ray and 75 As NMR re- 
sults are presented for light overdoped polycrystalline 
LaOo.ssFo.isFeAs (T C =21K) affected by neutron irradi- 
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FIG. 1: The ac susceptibility Xac superconducting transition 
curves for ordered (<1> = 0) and neutron-irradiated ($ = 1.6 • 
10 19 cm~ 2 ) samples of LaOo.ssFo.isFeAs. 



ation. In fact the neutrons present an unique to cre- 
ate atomic-scale defects uniformly distributed in the lat- 
tice and acting like "negative chemical pressure" that 
expands crystal lattice with negligible variation of the 
concentration of carriers. It is shown that neutron irra- 
diation produces an anisotropic expansion of the tetrag- 
onal lattice mainly due to the displacement of arsenic 
from equilibrium atomic positions, thus creating struc- 
tural disorder resulting in a partial loss of the 2D char- 
acter of the FeAs layer. 

Polycrystalline sample of LaOo.ssFo.isFeAs was syn- 
thesized as a pellet using two-step solid state reaction 
and subsequent annealing in vacuum^. The pellet was 
sliced into the plate-like samples which were irradiated 
with neutron fluence fluence $ = (0;0.5; 1.6) • 10 19 cm -2 
at Ti rr = 50 ± 10° C. After irradiation both virgin and 
irradiated samples were moderately crushed into pow- 
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der (^200mess) for X-ray, ac and dc susceptibility, and 
75 As NMR measurements. The superconducting transi- 
tion temperature T c was determined as an onset of the 
diamagnetic response in the ac susceptibility measure- 
ments performed at driving 10 Hz magnetic field of 4 Oe 
with the MPMS-9 device from Quantum Design. Unir- 
radiated sample The ac susceptibility curves plotted in 
Fig.l show superconducting transition of ordered sam- 
ple at T c (<!> = 0)=21K which shifts rather fast down to 
T c ($ = 0.5 • 10 19 cm~ 2 )=4 K at the light structural disor- 
der induced by neutron irradiation. The sample acquired 
rather moderate neutron fluence <& = 1.6 • 10 19 cm~ 2 does 
not show superconducting transition down to 2 K, the 
lowest temperature available in our experimental setup. 

The structural characterization of irradiated samples 
was performed at room temperature by a powder X- 
ray diffraction technique using Cu — K a radiation. The 
diffraction patterns obtained in the range of 29 = (25 — 
5)° confirm a single phase tetragonal structure for each 
sample studied in this work. The subsequent Rietveld re- 
finement performed within space group P4/nmm results 
in structural parameters listed in Table. An insufficient 
broadening of the Bragg peaks observed even in the X-ray 
pattern of the sample with the highest neutron fluence 
is indicative that structural defects in the sublattices of 
iron, arsenic are lanthanum are almost relevant to the dis- 
placement of atoms from their positions in the ordered 
material. 

TABLE I: Room-temperature structural data of 
LaOo.gsFo.isFeAs irradiated by neutron fluence $. Atomic 
posititions refined in space group PA/nmm are for La(i, |, z), 
Fe(|,i,i), As(I,i,z)andO/F(|,i,0). 



Fluence 





5xl0 18 cm~ 2 


1.6xl0 19 cm~ 2 


T C ,K 


n.s 


4 


21 


a, A 


4.0251(5) 


4.0251(6) 


4.0323(6) 


c, A 


8.7017(16) 


8.7207(16) 


8.7710(18) 


v, A 3 


140.98(4) 


141.29(4) 


142.61(4) 


c/a 


2.162 


2.167 


2.175 


ZLa 


0.1446(7) 


0.1453(21) 


0.1457(12) 


ZAs 


0.6501(11) 


0.6522(38) 


0.6639(20) 


La-O/F, A 


2.374(3) x4 


2.381(9)x4 


2.388(6) x4 


Fe-Fe, A 


2.8462(3) x4 


2.8462(3) x4 


2.8513(3) x4 


Fe-As, A 


2.400(3) x4 


2.410(19) x4 


2.477(10) x4 



The main features of the radiation-induced structural 
disorder are shown in Fig. 2. With the neutron fluence 
increasing a growth of the tetragonal unit cell (Fig. 2b) 
occurs mainly along c direction due to the thicker Fe- 
As layer in irradiated samples. While the structural 
parameters of the La-0 layer (Table I) do not show 
any sufficient variation. It is evident (Fig. 2c) that a 
thickness of the Fe-As layer is growing due to an in- 
crease of the Fe-As interatomic distance, whereas the 
distance d(Fe-Fe) remains practically unchanged. Under 
neutron irradiation the structural changes of the nearly 
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FIG. 2: a)The tetragonal (Pi/nmm) lattice parameters; b) 
cell volume V, the ratio c/a; c) the interatomic distances 
d(Fe — As) and d(Fe — As) in the FeAs layer versus neutron 
fluence <3> acquired by the n-irradiated LaOo.ssFo.isFeAs. 



optimal electron-doped LaOo.ssFo.isFeAs are developed 
in the way entirely opposite to those using an effect of 
" chemical pressure" to optimize T c in the electron-doped 
LaOi^F^FeAs (x > 0.6}^ and LaOi-^FeAs^^ com- 
positions. The cell volume U=144A of the most disor- 
dered nonsuperconducting sample is found above an up- 
per limit of the cell volume values which were reported 
somewhere for the Fe-based superconducting pnictides 2 . 

The 75 As NMR measurements were carried out on the 
home-built pulse-coherent spectrometer in magnetic field 
of 94 kOe over the temperature range 10-300 K. Each 
quadrupole broadened 75 As ( 75 7 = 3/2) NMR spectrum 
was obtained by summing the Fourier-transformed half- 
echo signals acquired at equidistant operating frequen- 
cies. Figure 3 show representative spectral patterns of 
the central transition (mj = -1/2 - +1/2) measured at 
room temperature in the LaOo.ssFo.isFeAs powder sam- 
ples irradiated by different neutron fluence <&. The two- 
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FIG. 3: Room-temperature 75 As NMR spectra (transition 
m = — i ^+7?) measured at magnetic field of 94 kOe in 
the powder sample LaOo.ssFo.isFeAs irradiated by neutron 
fluence $. The vertical arrow points spectral peak which at 
spin-lattice relaxation rate 75 Ti data were collected. 
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FIG. 4: The temperature dependence of the 75 As (TiT) -1 
for LaOo.ssFo.isFeAs irradiated by neutron fluence $ = 0(H), 
0.5 • 10 19 cm" 2 (A) and 1.6 • 10 19 cm~ 2 (»). The solid curves are 
fits to an expression a + b ■ exp(—A/T) of the corresponding 
(TiT) -1 data. 



peaked line shape of the transition originates in an in- 
teraction of the 75 As nuclear quadrupole moment with 
the electric field gradient created at arsenic by electronic 
environment, and the high-frequency peak corresponds 
to the crystallites with c crystal axis oriented perpen- 
dicular (9 — 90°) to the magnetic field direction. It is 
remarkable that under neutron irradiation the peak does 
not show any additional broadening due apparently to 
induced charge disorder. This NMR observation is com- 
pletely consistent with X-ray results thus evidencing that 
local charge symmetry at the As sites does not deviate in 
average from axial symmetry of the As site in the ordered 
(<F = 0) material. 

The 75 As spin-lattice relaxation rate T^ 1 was mea- 
sured to trace thermal behavior of the spin sus- 
ceptibility Xs(q) m the normal state of the irradi- 
ated LaOo.ssFo.isFeAs samples. We measured the 
75 As spin-lattice relaxation rate T^ 1 using an inver- 
sion recovery method. The nuclear magnetization 
75 m(t) was measured by integrating spectral intensity 
within ±50 kHz around a peak (0 = 90°) of the 
central transition (Fig. 3). The recovery curve of 
nuclear magnetization was fitted with an expression 
{rn(oo) - m(t)} ~ 0.1-exp(-t/Tl) + 0.9-exp(-6t/Tl) 
presuming that hyperfine magnetic interaction of the nu- 
clear spin 75 1 — 3/2 with electronic spin environment is 
dominating. 

The temperature dependence of the 75 As nuclear spin- 
lattice relaxation rate measured in the neutron irradi- 
ated LaOo.ssFo.isFeAs samples is presented in Fig. 4 
as a product (TiT) -1 . In the ordered (<I> = 0) and 
lightly irradiated ($ = 0.5 • 10 19 cm~ 2 ) superconduct- 
ing samples (TiT) -1 show gradual decrease from room 
temperature with nearly constant behavior below 30 



K, which is above T c . Such pseudogap behavior of 
(TiT) -1 was observed in all electron-doped Fe-based 
superconductors^^ 7 -. Following^ we have used an ex- 
pression a + b ■ exp (-A/T) to fit the (TiT)" 1 data. The 
corresponding fitting curves are plotted by solid lines in 
Fig. 4. As a result, the magnitude of the pseudogap 
is estimated to be A($ = 0)=168(30) K and A($ = 
0.5 • 10 19 cm- 2 ) = 108(20) K with a = 0.035(6) (sK)" 1 in- 
dependent on <f> in superconducting samples. The de- 
crease of A with increase of neutron fluence $ is indica- 
tive of that pseudogap behavior of (TiT)" 1 originates in 
the specific 2D band structure near the Fermi energj* 9 -. 

In fact, recently reported^ scaling of (Ti) _1 (T) mea- 
sured in LaO . 9 F .iFeAs at 57 Fe, 75 As, 139 La and 19 F 
nuclei of atoms probing spin fluctuations in different ar- 
eas of the q-space^ gives compelling evidence, that dy- 
namic spin susceptibility does not have any strong q- 
dependence in the optimally electron-doped oxypnictide. 

In the most disordered nonsuperconducting sample of 
LaOo.ssFo.isFeAs the 75 As spin-lattice relaxation rate 
follows the Korringa law 75 T 1 _1 ~ T, the thermal behav- 
ior being typical for an isotropic spectrum of the quasi- 
particle excitations near EF. The Curie-like upturn of 
T± below 30 K is addressed to an additional contribu- 
tion to Tj -1 due accumulated structural defects, including 
themselves the localized magnetic moments. The mag- 
netism of localized magnetic moments is seen clearly in 
the Curie term of the bulk magnetic susceptibility at low 
temperature. It was found that corresponding Curie con- 
stant increases proportionally to the neutron fluence. 

In conclusion, an influence of structural disorder in- 
duced by neutron irradiation up to the fluence $ = 
1.6 • 10 19 cm~ 2 on the spin susceptibility was studied in 
normal state of the lightly overdoped superconducting 
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LaOo.ssFo.isFeAs by measuring nuclear spin-lattice re- 
laxation of 75 As. According to the X-ray diffraction 
data the radiation-induced structural defects remain un- 
changed the tetragonal symmetry of the irradiated by 
neutrons LaOo.ssFo.isFeAs. The accumulated disorder 
results in a growth of the cell volume, almost due to an 
increase of the Fe-s interatomic distances. A partial loss 
of the 2D character of the FeAs layer is accompanied 
with a suppression of the gap-like feature in tempera- 
ture dependence of the spin susceptibility. In the most 
disordered state the 75 As spin-lattice relaxation rate fol- 
lows the Korringa law 75 T^ 1 ~ T , the thermal behavior 
being typical for an isotropic motion of the conducting 



electrons 
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